Introduction 75
The high-throughput sequencing technology, next-generation sequencing (NGS), has 76 made a striking impact on genomic research and the entire biological field. The NGS 77 technology is often called massively parallel sequencing because it effectively conducts 78 whole-genome sequencing in a relatively short time [1] . NGS enables researchers to 79 analyze the whole human genome of about 3 Gbp and identify all of the 30,000 genes in 80 only 1 week [2] . To analyze specific regions (e.g., whole exons, and already known 81 disease-related genes) using NGS, enrichment of DNA libraries with targeted capture 82 methods are standardized. 83
In capture methods, probes for enriching the targeted genomic regions are called 84 "baits" that attract molecules of interest as in fishing. There are two major approaches 85 for relatively large-scale genomic-region enrichment, the "on-array" and "in-solution" 86 methods. Both of these approaches target sequences up to several hundred kbp. In the 87 on-array capture method (Roche NimbleGen products), microarrays immobilize baits 88 that hybridize with the targeted regions and are used to enrich the genomic region of 89 interest. Meanwhile, the in-solution method (e.g., Roche, Illumina, Agilent 90 Technologies, and MYcroarray products) use biotinylated DNA or RNA baits to enrich 91 targeted region. Because DNA-RNA hybrids show higher efficiency than do DNA-DNA 92 hybrids, RNA baits are used in some systems [3] . The targeted DNA is recovered using 93 streptavidin-labeled magnetic beads. The in-solution approach has advantages compared 94 with the on-array method: the reagent cost is lower, less DNA is required, and it is 95 easily scaled because the capture method can be conducted entirely in small tubes [4] . 96
Small-scale targeted capture methods have been proposed for the enrichment of 97 the complete mitochondrial genome (mtDNA) [5] [6] [7] . Maricic et al. (2010) presented a 98 capture method for the mtDNA molecules that used biotinylated polymerase chain 99 reaction (PCR) amplicons as baits. Human mtDNA is approximately 16.6 kbp long. 100
When constructing the baits, two primer sets of long-range PCR that amplify >9 kbp 101 regions are sufficient to cover whole mtDNA genome sequencing. The long-range PCR 102 amplicons are sheared with sonicators. The sheared amplicons are biotinylated and used 103 for the enrichment. This targeted capture method is cited by approximately 200 previous 104 studies that analyzed genomes of modern or ancient organisms (e.g., humans, 105 pathogens, animals, and fishes). The commercial targeted capture kits for small regions 106 cost approximately 250-900 USD per reaction. The method provided by Maricic et al. 107 (2010) is approximately 50 USD per reaction and much less expensive than commercial 108 methods. If the Maricic's method can be applied for large genes, then it definitely saves 109 the cost.
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In order to enrich larger genomic regions than mtDNA, we conceived of using 111 Sol_bridge_P5 and Sol_bridge_P7, which was as presented in Maricic et al. (2010) . We 136 used 500 pmol of the library as a template for PCR in a 50-µL solution containing 137 deoxynucleotide (dNTP) 0.2 mM, 0.2 µM of each primer, 1.25 U of PrimeSTAR GXL 138 DNA Polymerase (Takara Bio; Shiga, Japan). PCR was carried out following the 139 cycling reaction: 15 cycles of denaturation at 98 o C for 10 sec, annealing at 60 o C for 15 140 sec, extension at 68 o C for 50 sec. Those PCR products were pooled and the solution was 141 purified using a MinElute PCR Purification Kit (Qiagen; Hilden, Germany), and it was 142 then eluted it into 23 µL buffer EB (Qiagen). The concentration of the solution was 143 measured using a NanoPhotometer (Implen). The total amount of 2µg per capture 144 reaction was obtained. 145 146 Bait production 147 The BAC from the CHORI-17 library (ID number: CH17-24F19) included RNF213 and 148 nearby four genes with the intergenic regions (Fig 1) . The total length of the BAC, from 149 the BACPAC Resources Center (https://bacpacresources.org), was 213,477 bp. 150
NucleoBond BAC 100 (Macherey-Nagel; Düren, Germany) was used to purify the 151 BAC. The concentration was measured using a NanoPhotometer (Implen). The total 152 amount of 5 µg of BAC was sheared using a Covaris S2 sonicator (Covaris). Because should be brightest at a size smaller than 1 kbp, and no fragment longer than 5 kbp 155 should be visible, four default settings of the peaks were selected: 150 bp, 300 bp, 500 156 bp, and 800 bp. The seven baits we obtained showed different peaks: 151 bp, 340 bp, 157 456 bp, 492 bp, 522 bp, 619 bp, 735 bp, and 882 bp that were included in the range of 158 that Maricic et al. (2010) showed. The sheared BACs were purified using a MinElute 159 PCR Purification Kit (Qiagen). Subsequently, 1.5-µg sheared BACs per capture reaction 160 were prepared, and the products were then biotinylated according to the protocol used in 161 the previous study [7] . To evaluate the effects of the baits' lengths, the five baits (150 162 bp, 340 bp, 619 bp, 735 bp, and 882 bp) were used; for the number of the captures, two 10 that showed a 492 bp peak were used. Baits of 522 bp peak were used for an initial 165 BDC (with PrimeSTAR), and baits of 492 bp peak were used for an additional BDC. 
Experimental conditions of BDC
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The effects of baits lengths were evaluated. BSC was performed with the five baits with 303 different lengths and the on-target rates were graphed (Fig 3) . The approximate 350-750 304 bp peak baits showed more stability and higher on-target rates (0.28-0.43%) than did 305 the 150 bp peak bait (0.16% and 0.33%). The rates of the 150 bp peak bait showed a 306 larger difference (0.17%) between the duplicates than did that of the longer baits (0.04-The effects of numbers of captures were evaluated. BSC and BDC were 309 performed with PrimeSTAR and the on-target rates were graphed (Fig 4) . There was 310 one capture of BSC and two of BDC with PrimeSTAR, which showed higher on-target 311 rates (16.53% and 12.21%) than did that of BSC (0.28% and 0.32%). Therefore, two 312 captures were more efficient than one. 313
The effects of hybridization temperature were evaluated. Hybridizations were 314 performed at 45 o C and 65 o C, and the on-target rates were graphed ( Fig 5) . 315
Hybridization at 65 o C showed higher on-target rates (21.12% and 25.01%) than did 316 those hybridized at 45 o C (3.51% and 5.78%). 317
318
Comparison between BDC and a commercial targeted capture 319 method 320 PrimeSTAR GXL DNA polymerase for BDC was used in the initial protocol of BDC 321 (see Materials and Methods). However, in the final protocol of BDC, it was converted 322 to KAPA HiFi DNA polymerase (see Materials and Methods) because the polymerase 323 showed more high yield than did the PrimeSTAR GXL DNA polymerase (S1 Figure, S1 324 Protocol). The quality of the NGS data of BDC with KAPA HiFi DNA polymerase and 325 the targeted capture method was compared with that of MB. 326
Averages of rates of "unique reads" and "duplicate reads" were calculated (Table 1) . 327 "Unique reads" mean reads that mapped uniquely to a reference genome. "Duplicate 328
reads" mean reads that mapped to a reference genome at the same position with the 329 other reads and had the same length and the same variation. When raw NGS datasets are 330 processed, duplicate reads are removed from the dataset. BDC with KAPA HiFi DNA 331 polymerase showed a higher average of duplicate-reads rate (46.9%) than did that of 332 MB (16.1%). The averages of depths between BDC and MB were compared (Table 1) . 333 "Depth" means the number of reads that mapped at a genomic position. The averages of 334 total depth calculated by adding depth of each genomic position were almost the same, 335 approximately 30 M. The averages of depth were also almost the same, approximately 336 140. The averages of on-target rates were also compared ( 
Comparisons of the average values of between BDC and MB 353
The data qualities and costs of BDC and MB were evaluated comparing nine categories 354 (Table 4 ). The required genomic DNA for each method was higher weight in BDC (1.5 355 µg) than that in MB (0.5 µg). BDC required baits which we constructed myself, while 356 MB required manufactured baits included in a targeted capture kit. BDC took 10 days to 357 prepare the baits because of the time required to order E. coli harboring BAC that covered 358 RNF213 and amplified and purified it. MB took 60 days from design of the baits to its 359 arrival. The period of a targeted capture experiment in BDC was the same as MB, 3 days. 360
The experimental cost without sequencing using MiSeq of BDC (USD 55) was lower That of MB was the required library weight. The duplicate read rate of BDC (46.9%) was 363 higher than that of MB (16.1%). The average of depth of BDC (140.5) was the almost 364 same as that of MB (141.9). The on-target rate of BDC (22.5%) was also quite close to 365 that of MB (24.3%). Therefore, the data quality of BDC was close in on MB, except only 366 for the duplicate read rate. 367 368 369 Discussion 370 371
We compared the three experimental conditions, the baits lengths, the number of 372 captures, and the hybridization temperatures, and found appropriate conditions 373 exclusively for the BDC method. These might not be the best conditions, but better ones 374 for the method. 375
We first found that the baits of 350-750 bp peak obtained a higher on-target rate 376 than did the peak baits around 150 bp and 900 bp (Fig 3) . The magnetic beads 377 (Dynabeads M-270) that immobilize baits reduce the binding capacity for large DNA 378 fragments due to the likelihood of steric hindrance. Twice as many copies of a 500 bp 379 DNA fragment bind to the beads than in the case of a 1,000 bp DNA fragment. 380 Therefore, around 900 bp baits would show lower on-target rates. The present study 381 showed that about 150 bp baits were the lowest and most unstable on-target rates. 382
Commercial targeted capture kits have uniformly about 100 bp baits (e.g., Agilent: 120 383 bp, Illumina: 100 bp, MYcroarray: 80-120 bp). The protocols of such kits optimized 384 many conditions (e.g., bait lengths, the bait densities, the hybridization temperatures, 385 and the hybridization reagents). Those results indicate that the experimental conditions 386 of the protocol in the present study are not applicable for the short baits. To optimize the 387 baits lengths for BDC, we should examine more patterns of baits lengths in the next 388
step. 389
We observed much higher on-target rates with double captures than that with a 390 single capture (Fig 4) , suggesting that the double capture definitely enriches more target 391 libraries. The targeted captures of small regions are especially more difficult than those 392 of larger regions, because genome libraries have smaller volumes of narrow targeted 393 regions (e.g., hundreds kbp) than those of broad targeted regions (e.g., several Mbp). 394
Double captures seem to enable researchers to enrich more DNA of interest than do 395 single captures. 396 specificity than that at 45 o C. From these results, overall, we would propose that the 399 conditions are the baits with 350-750 bp peak, twice capturing, and the 65 o C 400 hybridization temperature. 401
The average of duplicate read rate of BDC was higher than that of MB (Table 1) . 402
In the BDC protocol, PCR includes one more cycle than that in the MB protocol for 403 obtaining libraries of adequate quantities. This could be the reason why the higher rate 404 of duplication in BDC was observed. It might be important for improving BDC to 405 reduce the number of PCR cycles. 406
The on-target rate of BDC (Table 1 ) was higher than the that of the previous 407 manual methods that enriched mtDNA using baits constructed from long-range PCR 408 amplicons or genomic regions using BAC-based baits [7, 19] . A previous study [7] 409 proposed a single capture method. Another previous study [19] also proposed a single 410 capture method and used non-sheared BACs that were affected by their own steric 411 hindrance. Thus, we would claim that BDC is improved from the previous manual 412 capture methods. 413 BDC showed more called SNP sites than MB ( Table 2 ). The baits used in MB 414 were synthetic oligonucleotide probes. Non-unique baits in a human-reference-genome 415 sequence were excluded in the probes designed. Therefore, the baits of MB covered 416 approximately 80% of the target region. On the other hand, the baits used in BDC were 417 constructed from BAC, which covered the whole target regions. The differences of 418 processes constructing probes between BDC and MB could affect the numbers of 419 enriched libraries and the called SNP sites. 420
The concordance of SNP genotypes between BDC and MB was >97% (Table 3) . 421
The SNPs that were called the different genotypes placed at poly A, poly G, repetitive 422 regions and transposons. Those genomic regions that showed low uniqueness in 423 genomes are, in general, more likely to have errors in PCRs and mapping reads [20] . 424 Thus, the SNP sites that showed discordance of genotypes locate genomic regions 425
where were difficult to call SNPs correctly. 426 BDC allows efficient capture of the genomic library of NGS for large genes. First, 427 the approach is cost-effective in that it only requires standard laboratory equipment and 428 reagents that cost USD55 per reaction (Table 4 ). Second, it is fast, i.e., it enables 429 researchers to perform captures immediately without designing and constructing baits 430 (Table 4 ). Third, the on-target rates are almost the same for BDC and MB (Tables 1 and  431   4 
Figure legends
